Abstract. Neuroblastoma (NB) is the most common extracranial solid tumor in childhood and the most frequently diagnosed neoplasm during infancy. Oct4 and Sox2 are essential transcription factors for embryonic development and play key roles in determining the fate of stem cells. In this study, we aimed to investigate the expression of Oct4 and Sox2 in NB tissues, and evaluated their relationship with various clinicopathological parameters. Oct4 and Sox2 expression in 65 samples of NB and paracancerous tissues was examined by real-time PCR. The relationship between Oct4 and Sox2 expression and clinical data was assessed. To detect Oct4 and Sox2 expression at the protein level, western blot analyses and immunohistochemical staining were employed. We found that the expression levels of Oct4 and Sox2 in NB tissues were significantly higher than those in paracancerous tissues (P<0.05). Oct4 and Sox2 expression was significantly correlated to the clinical stage of NB, but not other clinicopathological parameters including patient gender and age, tumor size, location and histological classification. In stage III and IV tumors, Oct4 and Sox2 expression was significantly decreased in the chemotherapy subgroup as compared with that of the non-chemotherapy subgroup (P<0.05). These findings suggest that the expression of Oct4 and Sox2 may correlate with the genesis and progression of NB. In addition, Oct4 and Sox2 expression can be inhibited by chemotherapy.
Introduction
Neuroblastoma (NB) is the most common extracranial solid tumor in childhood and the most frequently diagnosed neoplasm during infancy (1) . NB is characterized as biologically and clinically heterogeneous tumors that range from spontaneously regressing growth to aggressively malignant and incurable. The tumor originates from embryonal neural crest cells that are committed to development of the sympathetic nervous system. The clinical outcome is associated with patient age, tumor stage, MYCN amplification and histological classification. Although major advances have been made in surgery and chemotherapy of NB, the morbidity and mortality remain high. Thus far, the molecular mechanisms responsible for the pathogenesis of NB remain elusive. Because the self-renewal capacity of cancer cells is similar to that of stem cells, the theory that cancer is a stem cell disease has recently received considerable attention. Various cancers, such as brain, breast, bladder, colon, pancreas and prostate cancers, have been shown to contain tumor-initiating stem cells, also known as cancer stem cells (CSCs) (2) (3) (4) (5) (6) . Moreover, NB stem cells (NBSCs) have been isolated from NB cell lines (7, 8) .
Stem cell transcription factors Oct4 and Sox2 are expressed in both embryonic and adult stem cells and are necessary to maintain self-renewal and pluripotency in embryonic stem cells (ESCs) and germ cells (9, 10) . Cancer cells, particularly in poorly differentiated and undifferentiated tumors, have been characterized by numerous phenotypic traits that are similar to undifferentiated embryonic cells. These similarities suggest the expression of genes that participate in the regulation of stem cell properties. In recent years, Oct4 and Sox2 expression has been detected in various tumors and are proposed as useful markers of these tumors.
Although the expression of Oct4 and Sox2 has been studied in multiple tumor types, little is known about their expression in NB. In this study, we investigated the expression of Oct4 and Sox2 in human NB, the relationship between the expression levels of Oct4 and Sox2 and various clinicopathological parameters and the effect of chemotherapy on Oct4 and Sox2 expression. Table I .
Oct4 and
RNA extraction and reverse transcription. Tissue samples were homogenized with TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and then 200 µl chloroform was added to the homogenate. The samples were centrifuged at 12000 g for 15 min at 4˚C, and then the upper aqueous layer was transferred to a clean Eppendorf tube containing 500 µl isopropanol. The samples were then incubated at room temperature for 10 min. RNA was precipitated at the bottom of the tube after the samples were centrifuged at 12000 g for 10 min at 4˚C. Total RNA was washed with 1 ml 75% alcohol and then air-dried. Finally, the RNA was dissolved in RNase-free water and the quality was evaluated by gel electrophoresis. RNA concentrations were measured by a spectrophotometer (260 nm). For cDNA synthesis, 2 µg total RNA was reverse transcribed at 37˚C for 1 h using MMLV reverse transcriptase (Promega, Madison, WI, USA) and an oligo(dT) primer cDNA was stored at -20˚C until analysis.
Real-time PCR. Real-time PCR was performed in a reaction mixture containing 10 µl SYBR Premix (Takara Bio, Shiga, Japan), 0.8 µl each primer (10 µM), 0.4 µl ROX reference dye II, 2 µl cDNA and 6 µl dH 2 O. PCR primers are listed in Table II . β-actin was used as an internal control. All real-time PCR reactions were performed using an ABI7500 real-time PCR system (Applied Biosystems, Foster City, CA, USA) with the following cycling conditions: initiation at 95˚C for 30 sec; amplification for 40 cycles at 95˚C for 5 sec and 60˚C for 34 sec; dissociation stage: 95˚C for 15 sec, 60˚C for 60 sec and 95˚C for 15 sec. Reactions were performed in duplicate. Fold differences were calculated using the ∆∆CT method with normalization to β-actin and expressed as a fold difference compared with non-cancerous tissues.
Western blot analysis. Tissues were lysed in ice-cold RIPA lysis buffer containing proteinase inhibitors. Cell lysates were incubated on ice for 30 min and then centrifuged at 12000 g for 10 min at 4˚C. Supernatants were collected, and protein concentrations were measured by an enhanced BCA protein assay kit (Beyotime Biotech, Haimen, Jiangsu, China). Protein samples (20 µg) were separated in a 10% SDS-PAGE gel and then transferred onto a PVDF membrane (Millipore, Billerica, MA, USA). Membranes were blocked in 5% non-fat milk for 1 h and then probed with primary antibodies followed by horseradish peroxidase (HRP)-conjugated goat anti-rabbit antibodies. Primary antibodies used were as follows: rabbit polyclonal Oct4 antibody (1:1000, ab19857; Abcam Biotechnology, Cambridge, UK) and rabbit polyclonal Sox2 antibody (1:1000, cst2748, Cell Signaling Technology, Beverly, MA, USA). A mouse monoclonal anti-β-actin antibody (1:1000, sc-69879; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used for the internal 
Results

Overexpression of Oct4 and Sox2 in NB tissues.
Using a qRT-PCR method, Oct4 and Sox2 were detected in all 65 pairs of NB tissues and their matched adjacent non-cancerous tissues.
In the 41 patients that did not receive preoperative treatment, Oct4 and Sox2 mRNA relative expression levels were significantly higher in tumor tissues than in the adjacent non-cancerous tissues (P= 0.006, P= 0.011) (Fig. 1A) . Western blot analysis confirmed that the protein levels of Oct4 and Sox2 were higher in tumor tissues than in the adjacent non-cancerous tissues (Fig. 1B) . Oct4 and Sox2 protein bands were detected in all the 41 non-chemotherapy tumor tissues, while weaker bands were detected in non-cancerous tissues, and in some cases no band was detected.
Distribution and localization of Oct4 and Sox2. The immunohistochemical staining showed that Oct4 was localized in the cytoplasm of NB cells ( Fig. 2A) , while Sox2 was primarily localized in the nuclei (Fig. 2C ). Oct4 and Sox2 immunostaining was not observed in paracancerous cells (Fig. 2B and D) . P=0.017) (Fig. 3 ). Oct4 and Sox2 expression was not associated with any other clinicopathological characteristics including patient gender and age, tumor size, location, MYCN amplication and histological classification (Table III) .
Chemotherapeutic effect on Oct4 and Sox2 expression.
To investigate the effect of chemotherapy on Oct4 and Sox2 expression, we analyzed the data according to the chemotherapy subgroup.
In stage III and IV tumors, the preoperative non-chemotherapy subgroup expressed higher levels of Oct4 and Sox2 compared with those of the chemotherapy subgroup (P=0.009 and P=0.013) (Fig. 4A ). Oct4 and Sox2 protein bands were detected in all 15 cases of non-chemotherapy tumor tissues, while weaker bands or even no band were detected in 24 cases of chemotherapy tumor tissues. Moreover, the expression levels of Oct4 and Sox2 in one particular sample were higher compared with those of any other sample in the preoperative chemotherapy group (Fig. 4B) . The chemotherapy scheme of this sample was OPEC according to the clinical data.
Discussion
Oct4 (also known as Oct-3 and POU5F1), is a transcription factor expressed in both embryonic and adult stem cells, and has been associated with pluripotency, proliferative potential and self-renewal of ESCs and germ cells (12) . Oct4 belongs to the family of POU-domain transcription factors that are involved in regulation of cell growth and differentiation (13, 14) . Oct4, as well as Sox2 and Nanog, plays a pivotal role in regulation and maintenance of pluripotency. Expression of Oct4 is restricted to pluripotent cells and its level decreases with the onset of differentiation and loss of pluripotency (9, 15) . In recent studies, Oct4 expression has been detected in various carcinomas including breast, prostate, bladder, head and neck squamous cell carcinomas and lung adenocarcinoma, which correlates with an unfavorable prognosis (16) (17) (18) (19) (20) . Oct4 expression was only found in the immature neuroepithelium of high-grade immature teratomas, which indicates that Oct4 may be a promising biomarker for the diagnosis of highly malignant immature teratoma (21) . These studies suggest that Oct4 not only plays a crucial role in maintaining stem cell characteristics, but also correlates with the genesis and progression of the tumor involving cancer stem cells.
The Sox2 gene is located in chromosome 3q26.3-q27 and is a member of the SOX (SRY-related high mobility group box) gene family, which all contain a high mobility group (HMG) domain that is very similar to that in the sex-determining gene SRY (22) . The SOX family of transcription factors is expressed during various phases of embryonic development, which affects cell fate and differentiation (23) . Sox2 is initially expressed in all blastomeres of the 4-cell embryo and later becomes restricted to the inner cell mass and epiblast, and then to the germ cells. Sox2 plays an important role in the maintenance of selfrenewal and differentiation potential. Recently, Sox2 has been studied in several types of malignant human tumors. Sanada et al reported that Sox2 is overexpressed in human pancreatic carcinoma, and the protein level correlates to the pathological grade (24) . Similar results have been observed in breast cancer (25) . In stage I lung adenocarcinomas, Sox2 appears to be an independent predictor of a poor clinical outcome and may help to identify patients with an increased risk of recurrence (26) . Sox2 was also found to be involved in the later events of carcinogenesis, such as invasion and metastasis, rather than the early progression of pancreatic intraepithelial neoplasias (24) . However, decreased expression of Sox2 is also associated with a few types of carcinoma such as gastric cancer and choriocarcinoma (27, 28) .
Although the expression of Oct4 and Sox2 has been reported in several cancers and cancer cell lines, their expression in NB has rarely been reported. Melone et al detected the expression of Oct4 in NB cells and tissue samples, but Sox2 expression was not found (29) . Gomez-Mateo et al evaluated the expression and clinical significance of Sox2 in NB using immunohistochemical staining and found that high Sox2 protein levels correlate to aggressive disease, indicating that Sox2 protein levels may be an important prognostic indicator of NB (30) . However, in the present study for the first time, we investigated the expression of Oct4 and Sox2 in paired NB tissues and matched adjacent non-cancerous tissues and investigated their relationship with clinicopathological parameters. First, we observed the expression of Oct4 and Sox2 in NB tissues was significantly higher compared with those in paracancerous tissues. Furthermore, Oct4 and Sox2 expression in stage III and IV NB was higher compared with those in stage I and II. These data suggest that the expression of Oct4 and Sox2 may correlate with the genesis and progression of NB. This result is consistent with most previous studies (17, 18, 21, 24, 25) . However, further research is needed to validate the correlation, and we will carry out further experiments to demonstrate the effects of Oct4 and Sox2 in NB carcinogenesis. We found that Oct4 and Sox2 expression was not associated with any other clinicopathological parameters including patient gender and age, tumor size, location and histological classification. Additionally, we found that the Oct4 expression level was higher compared with that of Sox2 in NB tissues.
To determine the tissue distribution and subcellular localization of Oct4 and Sox2 in paired NB and paracancerous tissue sections, we performed immunohistochemical staining. We found that Oct4 was primarily localized in the cytoplasm of NB cells, while Sox2 was localized in the nuclei, without positive staining in paracancerous cells. The intensity of immunostaining was variable among Oct4-and Sox2-positive cells, indicating that the tumor cells were heterogeneous in terms of Oct4 and Sox2 expression.
To explore the effect of chemotherapy on Oct4 and Sox2 expression, we analyzed the data according to the chemotherapy subgroup. In stage III and IV tumors, Oct4 and Sox2 expression in the chemotherapy subgroup was significantly lower compared with those of the non-chemotherapy subgroup. This observation indicates that Oct4 and Sox2 expression may be inhibited by chemotherapy. To our knowledge, similar findings have not been found in other tumors, and our study is the first to report the effect of chemotherapy on Oct4 and Sox2 expression in NB. More research is needed to investigate the potential mechanisms. Interestingly, we also found that the expression levels of Oct4 and Sox2 in one particular sample were higher compared with those of any other sample in the preoperative chemotherapy subgroup. After analyzing the clinical data, we found that the chemotherapy scheme of this patient was OPEC, and the only participant to receive this chemotherapy scheme. OPEC is a chemotherapy scheme with joint use of VCR (vincristine), CTX (cytoxan), Cisplatin and VM-26 (teniposide), which is often used to treat stage II tumors after postoperative chemotherapy, and is the least vigorous of several commonly used chemotherapy schemes. This incidental finding indicates that the chemotherapeutic inhibition of Oct4 and Sox2 expression may be associated with the dynamics of chemotherapy schemes. However, this presumption requires further validation. For example, experiments can be conducted to detect the expression of Oct4 and Sox2 after the same course of treatment with various chemotherapy schemes in vitro.
In conclusion, we have found that Oct4 and Sox2 are overexpressed in human NB tissues compared with those of paracancerous tissues. Oct4 and Sox2 expression correlates to the clinical stage in NB. Moreover, Oct4 and Sox2 expression can be inhibited by chemotherapy, and this inhibition may be associated with the dynamics of chemotherapy schemes.
